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1 
The invention described herein may be manu- 
factured and used by or for the Government of 
the United States for gove.nmental purposes 
without the payment fo us of any royalty there- 
on in accordance with the provisions of the act 5 
of April 30, 1928 (Ch. 469, 45 star. L. 467). 
This invention relates to structural materials 
prepared from Portland cement. Partcularly the 
invention relates to the regulation of the rime 
of set for pastes, mortars, concretes, and like 10 
materials containing Portland cement. 
When pure Portland cement is mixed with 
water the various cement constituents hydrate 
and hydrolyze and the mixture will set or harden 
into a solid mass. These reactions occur wlth 15 
great rapidity and frequently evolve consider- 
able quantities of heat. This characteristic of 
Portland cement-water mixture is termed "flash 
set." This feature is considered objectioâb']ê 
5-'Eers of cernent because the reactions and set- 20 
ring occur with such rapidity that the mixture 
will not remain sufliciently pliable fo insure its 
proper distribution in the casting and mould- 
ing forms. Heretofore it was round that if the 
cernent clinkers were ground with a small quan- 
tity of gypsum the rime of set of the cement- 
water mixtures could be retarded. While the 
addition of gypsum was round to overcome "flash 
setting," the use of gypsum treated ceme 
oSYehîïonable because mixtures of water and 30 
gypsum treated cement are thixotropic; i. e., 
"set" occurs without the liberation of heat and 
is apparently due to agglomeration of the par- 
ticles rather than the hydration and hydrolysis 
of the cement constituents. In such a "set" 35 
the particles cluster or knit together to form a 
relatively rigid mass of low mechanical strength 
which can be broken up by shaking or stirring. 
Hereinafter this characteristic of_gFpsum treated. 
cements will be referred to as p.ematur.e stiffen= 40 
ing; however, it is often known by the terms 
Ph0ny set, grab set, .false set, gum_set, and other 
imilar namës.-lIksh - êgï esPecially noticeable 
when the tricalcium aluminate content of the 
cement is greater than about 8 percent. High 45 
alkali cements too exhibit flash set character- 
istics. 
Accordingly, it is an object of this invention 
to provide a method to retard both the true set- 
ing rime of cement-water mixtures and to pre- 5o 
vent premature stiffening of the cement-water 
mixture. 
It is another object of this invention to provide 
a dry cement composition which, when mixed 
with water, will set slowly and will hot exhibiç 55 
premature stiffening. 
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2 
Other objects and advantages will be appar- 
ent or will appear hereinafter. 
These objects and advantages are accomplished 
in accordance with this invention by carrying out 
the hydration and hydrolysis of Portland cernent 
in the presence of .mucic acid and its deriva- 
rives.  
Portland cements which can be treated in ac- 
cordance with this invention include al! Port- 
1and cements, and especially Fortland cemen'î 
which bave one or more of the following"charî- 
acteristics: a calcium aluminate content greater 
than about 8 percent; a higlY alkali c 
-çfeaer than about 0.60 percent Nan igni- 
tion loss greater than about 1 percênt (cement 
prepared from wet clinker) ; or elements contain- 
ing 0.5 percent or more uncombined lime. 
In operation the muci-c acid can be mi'ed with 
the cernent in vaiious ways. For example, it 
can be ground together with the cement clinker; 
the dri#ff«Cëï% can be bended with the 
mucic acid; or the acid can al5-Sëuspended 
or dissolved in the water used fo prepurd'{he 
6hï-B%nining matertai. The invention how- 
ever is not fo be construed as limited to such 
methods of incorDorating the cernent and acid. 
By this invention it bas been round that when 
from about .01 fo .5 percent mucic acid is mixed 
with cement, the rime of setirï of pastes, mor- 
rats, concretes, and the like, prepared therefrom 
will be retarded OErom 1 minute fo final set of 
the cen4ënt without exhibiting premature stiff- 
ening characteristics. 
While the invention as previously described 
contemplates the substitution of mucic acid or 
its derivatives for gypsum as a retarder for Port- 
land cernent, it is hot limited thereto; and these 
compounds can be effectively employed together 
ditives including gypsum. 
What-is c[aimed is: --- -  
In a process involving the hydration of Port- 
land cernent to harden and set the same, the 
improvement which comurises incorporating 
çherewiçh about 0.01 to 0.5 percent by weight 
of mucic acid ¢o inhibit flash setting. 
OMAR J. GLANTZ. 
EUGENE T. OBOIN'. 
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